This paper presents an advanced control approach for a synchronous generating unit based on the combination of an adaptive controller and a static var compensator (SVC). The considered electrical power system consists of a turbogenerator connected to an infinite bus via a step-up transformer and a double circuit transmission line. Firstly, a fairly detailed model of the system is built to simulate system performance at various operating points using MATLAB-SIMULINK environment. A performance criterion has been considered and a recursive least square (RLS) algorithm is utilized to determine the parameters of the proposed adaptive controller. This control algorithm is preferred for its simplicity and it is more suitable for online applications. SVC is inserted at the generator terminal for power oscillation damping and stability improvement with fast acting voltage regulation. The system performance with and without the control strategy is evaluated and the results are presented in a comparative form with conventional control systems. The results obtained over a wide range of operating points show that a significant improvement of performance can be achieved via a combination of adaptive and SVC controllers with enhanced damping and voltage recovery. The results presented in the paper are of prime importance to engineers in power systems utilities, forming a guide to improve performance. ‫التقليدية‬ ‫الحاكمات‬ ‫مع‬ ‫بالمقارنة‬ ‫االخرى‬ .
Introduction
Control strategies for electric power interconnections play a prominent role in reliable and stable operation of power systems. Growth in the interconnections such as the interconnections between the operating plants and distribution stations or substations create a growing need for flexibility, reliability, fast response and accuracy in the fields of electric power generation, transmission, distribution and consumption [1] . To improve the power system performance and to extend its operational margin of stability during the steady-state and transient conditions, power systems are equipped with different types of control systems [2] . Excitation control using automatic voltage regulator (AVR) and speed governor (SG) systems represent the basic conventional control strategies [3] . While the conventional speed governor systems (SG) is required for keeping the droop characteristics, the AVR with a high gain is required to maintain the terminal voltage within a recommended tolerance (±0.5%) [UK standard] [2] . unfortunately, both speed governor and high gain AVR add negative damping to the systems, leading to a detoriation in performance [4] . Subsequently, conventional power system stabilizers (CPSS) are added to substitute for the adverse effects of SG and AVR systems [5] .
The basic function of conventional control system is to add positive damping to the rotor oscillations using an auxiliary stabilizing signal. It Provides the electrical damping torque in phase with the speed deviation to improve power system damping. The common type is the conventional power system stabilizer (CPSS) which introduced to improve system performance and stability during normal and abnormal conditions [6] .
However, CPSS has fixed-parameter designed for a specific operating point, which generally cannot maintain the same improvement of performance at other operating points. Moreover, it requires a linearized model for the controlled system [7] .
The configurations and techniques of the power systems are changed over the time, while the CPSS parameters are optimum for only one of these operating points [8] . A more sophisticated controller which can maintain good damping over a wide range of operating conditions is therefore needed. This can be achieved by tuning the parameters of the controller on-line based on real time measurements [9] .
Adaptive PSS (APSS) offers a good alternative. The function of APSS is to adapt its parameters while the system moves from one operating point to another. Therefore, the adaptive controller has a potential to improve power system performance and stability [10] This paper presents an approach for improving system performance over a wide range of operating conditions based on combining the advantages of adaptive control and FACTS capability. The adaptive stabilizer proposed in this study is based on the minimization of a suggested performance index. The recursive least square squares identification algorithm is utilized to estimate the model parameters every sampling interval. Flexible ac transmission systems (FACTS) are playing an increasingly important role in electrical power systems. FACTS devices have been widely in operation. Ratings range from 60 to 600 MVAR [11] . The basic function of FACTS devices is to enhance the power system stability, performance and to improve power system damping. FACTS devices can be classified based on the way they are connected to the power system, into Series, Shunt, and Combination of Series-shunt devices [12] . SVC can be considered as a "first generation" FACTS devices and uses thyristor controllers consisting of a combination of fixed capacitor in conjunction with thyristor-controlled reactor [13] - [14] . SVC is a shunt-connected static var generator or absorber whose output is adjusted to exchange capacitive or inductive current so as to maintain or control specific parameters of the electrical power system (typically bus voltage). The combination of both techniques is described subsequently.
System modeling
The system consists of a synchronous generator connected to an infinite bus through a stepup transformer and a double circuit transmission line. The generator is driven by a steam turbine with fast valving system and is excited using a fast acting thyristor exciter. A schematic diagram of the power system considered in this study is shown in Fig.1 . A description of the individual elements of the system is given subsequently and the parameters are shown in the Appendix. 
Generator
Based on park's model used d-q axes transformation, a Full-detailed seventh-order nonlinear mathematical model representation is established to represent this power system. The differential equations are arranged as a set of first order equations as following [15] :
The transmission system is considered as short line. So, it could be approximated by a series lumped resistance and reactance. The d-q machine terminal voltage equations related to the infinite bus are: V d =V b sin +i d R e -i q X e (9) V q =V b cos +i q R e +i d X e (10) Where R e =R T +R L .
The turbine and governor system is shown in Fig. 2 . It represents a simple steam turbine model with a single gain, K t , and time-constant; T t [16] . The speed governor is also considered with single gain K g and single time-constant T g . 
Excitation System
Various types of exciters have been used with large generators the used exciters are rotary and static exciters. The static exciter is a thyristor exciter, which provides very fast response [17, 18] . In this study, the steam generating unit is equipped with a fast acting thyristor exciter. An automatic voltage regulator (AVR) with high gain is used to maintain the terminal voltage deviation within a tolerance value of 0.05 p.u. as load condition varies. The block diagram of the excitation system is shown in Fig .3 . Under heavy load conditions the continuously acting voltage regulators may produce a negative damping. To eliminate this effect and to improve the system damping, an artificial means of producing torques in phase with the speed are introduced. The network used to add a stabilizing signal is called power system stabilizer (PSS). The PSS is a lead-lag network with two time constants T 1 and T 2 and gain G s . The transfer function of the PSS is shown in Fig  . 3 
Adaptive stabilization 4.1 Modeling of system output
Considering that the system output is sampled at discrete intervals of time leading to the following output equation:
Where y(k) and u(k) are the sampled system output and input at time kT s respectively. T s is the sampling period, k is an integer, n is the model order, a i and b i are the model parameters to be estimated every sampling period 4.2 Performance index
By taking into consideration the system output and its first derivative as well as the control effort. Thus, the performance index, ) (k I defined for the conventional synchronous generator was of the form in Eq (12) [19] . Where (q', r) are positive weighting constants to be properly pre-specified. 
Control law
To simplify the minimization task, the first and second derivative terms in Eq (12) and Eq (19) are replaced by their following approximations:
The performance index then takes the form: 
to zero yields, after some mathematical manipulation, the following optimal control signal:
By taking into consideration the system output and its second derivative (acceleration) as well as the control effort. The following performance index is suggested. [20] .
, ( " r q are positive weighting constants to be properly pre-specified. Substitute from Eq (14) into Eq (18) and from Eq (11) into Eq (18) . Then the performance index takes the form:
Where q 2 =q''/T s 4 , setting
to zero yields, after some mathematical manipulation, the following optimal control signal: u(k)=[ 1 2 (2 ( ) − ( − 1)) − 2 ( )] [ + 12 (1 + 2 )] ⁄ (20) Where:
Recursive Least Squares Identifier
Several methods of identification can be used to obtain an estimate for the model parameters for example [21] : The objective of the identification process in the proposed stabilizer is to specify values for the unknown parameters (a i , b i ) so that the discrete-time model (identifier model) given by Eq (11) represents the synchronous generator system dynamics satisfactorily around a quiescent operating point. A modified version of the RLS identification algorithm is used to estimate the model parameters at every sampling interval based on the system input and output data [22] . The principle of the least squares method is the choose of the model parameters (a i , b i ) so that the sum of the error squares between the actually observed value (system output) and the computed value (model output) is minimized [23] . . By defining a vector of the model parameters θ (k) as: θ(k)= [a 1 , a 2 ,……., a n , b 1 
Where P is the covariance matrix, K is the gain vector and λ is the forgetting factor which lies between 0 and 1. The criterion of the RLS identification is to determine the most likely value, θ(k). Fig. 6 and Fig. 7 show the system response to a 3phase short circuit for 120 ms. The system response with PSS is compared with adaptive controllers. Fig.  6 shows the response when past adaptive n=3 is used while, Fig. 7 shows the response with utilizing the proposed adaptive n=3. From this results the APSS is better than conventional PSS (lower first swing, lower steady state error and more stable), but also shows that the performance of proposed APSS is better than that of past APSS with the same model order. The Figures show also the parameters variation with time, the parameters started with constant values then after short circuit occurrence they oscillate and reach to their final values. 
Simulation Results

Addition of Static VAR Compensator 5.1 SVC Structure
In its simplest form, the SVC consists of a Thyristor Controlled Reactor (TCR) in parallel with a bank of capacitors. From an operational point of view, the SVC behaves like a shunt-connected variable reactance, which either generates or absorbs reactive power in order to regulate the voltage magnitude at the point of connection to the AC network [25, 26, 27] .It is used extensively to provide fast reactive power and voltage regulation support. The firing angle control of the thyristor enables the SVC to have almost instantaneous speed of response. A schematic representation of the SVC is shown in Fig. 8 where a three-phase, three winding transformer is used to interface the SVC to a high-voltage bus. The transformer has two identical secondary windings: one is used for the delta-connected, sixpulse TCR and the other for the star-connected, three-phase bank of capacitors, with its star point floating. The three transformer windings are also taken to be star-connected, with their star points floating. The SVC can be considered as a variable susceptance.
The block diagram shown in Fig. 9 represents the SVC with lead-lag controller. A conventional lead-lag controller is installed in the feedback loop to generate SVC stabilizing signal. The susceptance of the SVC (B SVC ) is governed by the following equation [28] : 
Simulation Results
To achieve a higher level of accuracy in the predicted results and draw a general conclusion from the results, detailed representation were made for all system components. The transient performance of the simulated non-linear system with the conventional excitation control (AVR and PSS) and when the new controller (APSS) to the system added were examined for symmetrical three-phase short circuit (120 ms duration) at the transformer high voltage side. Initially, the simulation results are obtained in comparative form using (CPSS Vis APSS) as shown in Figs.(6) and (7) taking the effect of AVR with both APSS and CPSS. These results illustrate that the best performance of the system obtained with the APSS as it provide good damping to electromechanical mode of oscillations and all system variables quickly return to their initial values. Then the simulation results are obtained in comparative form using (APSS Vis adding SVC) as shown in Figs. (11) and (12) the results show that by adding SVC to the adaptive controller the stability is increased in form of the first swing is less and the steady state error is also decreases. Fig. 11 system response to 3-phase short circuit for 120 ms at lagging p.f. Fig. 12 system response to 3-phase short circuit for 120 ms at lagging p.f.
Conclusions
This paper describes the implementation of a control strategy for a turbogenerator unit. The strategy is based on a combination control algorithm of an adaptive PSS and SVC. Two adaptive control laws have been tested using MATLAB-SIMULINK and both controllers are suitable for on-line control application. An adaptive technique is used to tune the control parameters during transient period with the object of minimizing settling time and improving the damping characteristics. Though the fact that a stabilizing signals drived from shaft acceleration provides better performance, the two control laws give similar results. This shows that the parameter tuning is very efficient and fast in determining the optimal parameters. The results also show that the addition of SVC extends the stability margin. The results presented in the paper show a novel trend to guide power system engineers for optimal utilization of generating power stations.
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